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(54) Method for fluid transport 

(57) An apparatus and method for treating the walls 
of apertures (11) passing through a planar substrate 
(10) with a fluid treatment solution. The method com- 
prises placement of a pressurized fluid wedge beneath, 
above, or both beneath and above a planar substrate 
(10) as it passes through a treatment chamber (20). The 
apparatus that forms the fluid wedge is a roller assem- 



bly comprising a roller (36) within a shroud (37) which 
carries fluid (38) as it rotates through a gap (39) 
between the roller (36) and the shroud (37). The'roller 
(36) provides the dual function of forming the fluid 
wedge and conveying the planar substrate (10) through 
the treatment chamber (20). 
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Description 

Background of the Invention 

Introduction 

This invention relates to a device for contacting sur- 
faces with fluids especially adapted for forcing fluids 
through apertures passing through a planar substrate. 
More particularly, this invention relates to a fluid treat- 
ment device that is especially useful for the fabrication 
of printed circuit boards where substantial and complete 
fluid contact with the walls of through-holes within the 
printed circuit board substrate is critical for void free 
metallization and hole wall adhesion. 

Description Qf the PrigrArt 

Printed circuit boards have solid metallic circuits 
formed from a conductive material positioned on one or 
both surfaces of an insulating dielectric material. Where 
the printed circuit board has two conductive surfaces 
positioned on opposite sides of a single dielectric layer, 
the resulting circuit board is known as a "double-sided 
circuit board". To provide electrical connections 
between circuits on opposite sides of sidouble-sided cir- 
cuit board, a hole is typically drilled or punched through 
the double-sided circuit board substrate, i.e., through 
two metallic layers and a dielectric layer. These holes 
are known in the art as "through-holes" or, following 
metallization, "plated through-holes". To accommodate 
multiple circuits in a single printed circuit board, multiple 
copper layers are sandwiched between layers of dielec- 
tric material to produce a board known as a "multilayer 
circuit board". Analogous to the double-sided circuit 
board, the multi-layer circuit board also uses metallized 
through-holes or "vias" or blind vias to provide electrical 
conductivity between circuit layers. 

Various processes have evolved over the years for 
forming conductive pathways between circuit layers 
separated by a dielectric layer, i.e. - for metallizing the 
walls of the through-holes passing through the circuit 
board. Initially, when the double sided circuit board was 
first produced, mechanical means such as rivets or eye- 
let's were inserted into the through-hole to act as a con- 
ductive pathway. However, the use of rivets or eyelet's 
was labor intensive and the metallic pathways so 
formed proved to be unreliable during use. 

Current methods for forming metallic pathways in 
printed circuit board manufacture involve chemical met- 
allization of the walls of through-holes. The predominant 
method for metallizing through-holes is disclosed in 
U.S. Patent No. 3,01 1,920 incorporated herein by refer- 
ence. The principal steps involved in the practice of this 
method involve contact of the printed circuit board sub- 
strate inclusive of the through-holes with an aqueous 
electroless plating catalyst composition comprising a 
reduced palladium-tin colloid followed by contact with 
an accelerator and then with an electroless plating solu- 



tion, typically a copper plating solution. Contact of the 
palladium-tin colloid with the walls of the through-hole 
results in adsorption of the palladium-tin colloid on the 
through-hole walls. Subsequent contact with the accel- 

5 erator removes protective colloids and contact with the 
electroless copper plating solution results in metal dep- 
osition onto the adsorbed colloidal palladium particles. 

The electroless metal deposition process described 
above involves multiple fluid treatment steps in addition 

10 to the principal steps of contact with a palladium-tin col- 
loid and an electroless copper plating solution. The 
walls of the through-holes have to be pre-treated to 
enhance adsorption of the colloid onto the walls. Pre- 
treatment may include the steps of contact with an 

is organic solution to soften the walls of the through-holes, 
an oxidant to etch back or desmear the hole walls, a 
neutralizer to remove residues resulting from the step of 
oxidation, a conditioner to enhance adsorption of the 
colloid onto the walls, etc. As discussed above, follow- 

20 ing treatment with the palladium-tin colloid, the through- 
hole walls are often treated with an accelerator solution 
to dissolve protective colloid from the adsorbed palla- 
dium-tin colloid and thereby activate dormant catalytic 
sites. Following electroless metal plating, the deposit is 

25 often enhanced (thickened) by electrolytic metal deposi- 
tion. Water rinses are used between each of the fluid 
treatment steps. 

In each of the fluid treatment steps described 
above, complete fluid contact with all surfaces of the 

30 through-hole wail is essential to avoid voids or disrup- 
tions in the metal deposit over the walls of the through- 
hole. Voids are formed as a consequence of incomplete 
metallization of the hole walls often due to incomplete or 
inadequate fluid treatment in any of the above 

35 described pretreatment steps, especially in the treat- 
ment of high aspect ratio holes (large length to diameter 
ratio) now more frequently required for increased board 
densrfication. Voids can result in rejection of a printed 
circuit board or failure of an electronic device in which 

40 the circuit is used. 

Recently, several methods for direct electroplating 
walls of through-holes have been developed. These 
methods do not rely upon an intermediate step of elec- 
troless metal deposition. In accordance with one such 

45 method, the palladium-tin colloid catalyst used for elec- 
troless metal plating is found to be sufficiently conduc- 
tive for electrolytic plating when adsorbed onto the wails 
of the through-hole in sufficient concentration. This 
method is disclosed in U.K. Patent No. 2,123,036 incor- 

so porated herein by reference. An alternative to this 
method is disclosed in U.S. Patents Nos. 5,017,742 and 
5,207,888, also incorporated herein by reference. With 
respect to this latter method, the same palladium-tin col- 
loid used for electroless plating is treated to convert the 

55 same to a sulf ide to thereby enhance its conductivity. 

A more recently utilized direct plate process for 
metallizing the walls of hole-walls employs dispersions 
of carbon black or graphite for the formation of a con- 
ductive coating. The use of graphite to form conductive 
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coatings on through-hole walls is known and disclosed 
in U.S. Patent No. 2,897,409 incorporated herein by ref- 
erence. Current processes are disclosed, for example, 
in U.S. Patents Nos. 4,619,741 and 5,389,270, each 
incorporated herein by reference. In accordance with 5 
the procedures set forth in these patents, a dispersion 
of carbon black or graphite is passed through the 
through-holes to form a coating of the dispersion on the 
hole-walls. The coating is dried to yield an adhesively 
bonded conductive layer of the carbon black or graphite w 
which is sufficiently conductive for electroplating in a 
conventional manner. 

As in electroless metal plating, all of the direct plate 
methods for metallization of through-holes require mul- 
tiple fluid treatment steps and all require full contact of a is 
treatment fluid with the hole wails for total coverage of 
the hole wall with metal during the plating step. This is 
especially the case using carbon black or graphite dis- 
persions where defect free dried coatings are essential 
for void free metal deposits and hole wall adhesion. 20 

Prior art methods for treatment of through-holes 
with treatment fluids have involved the use of sequential 
dip tanks. In accordance with these prior art methods, 
circuit board substrates are racked on a suitable rack 
and the racks are then lowered into a first dip tank con- 2s 
taining treatment fluid, held in that dip tank for a suitable 
period of time, raised and immersed in the next dip tank 
for further treatment. This process is continued through 
a sequence of tanks to a final metal plating tank. The 
process is labor intensive because the boards have to 30 
be racked and then unracked and the immersion time in 
each tank may be lengthy. In addition, the process uses 
large volumes of chemicals resulting in the need for 
excessive waste treatment procedures. A recent alter- 
native to the use of dip tanks involves the use of convey- 35 
ors to convey the printed circuit board substrates 
through a series of fluid treatment chambers. The sub- 
strates may be conveyed on a vertical or horizontal track 
using opposing rollers to pass the substrates along a 
predetermined path. Horizontal processing is currently 40 
preferred. In each treatment chamber, the fluid is 
applied to the circuit board substrate and into the 
through-holes typically using spray flood or jet nozzles. 

In conveyerized processing of printed circuit board 
substrates, difficulties are encountered with spray noz- 45 
zles for a variety of reasons. For example, the spray 
nozzle atomizes the fluid treatment solution causing it to 
become aerated, which can result in oxidation of oxygen 
sensitive components in the treatment solution. Moreo- 
ver, due to the high energy of the fluid as it emerges so 
from the spray nozzle and its turbulent flow, the treat- 
ment fluid fails to contact all surfaces of the through- 
hole as is necessary for complete metal coverage, in 
addition, following spraying of the treatment solution 
into the through-hole, some treatment fluid remains 55 
entrained within the interior of the through-hole. The 
entrained fluid is not readily removed by water rinsing 
and can block the through-hole preventing contact of 
the entire hole-wall with subsequent fluid treatment 



solutions. Moreover, spraying and atomizing of the 
treatment fluid lowers its temperature below the recom- 
mended treatment temperature for the fluid. Tempera- 
ture control is known to be of importance in the 
metallizing of through-holes in printed circuit board 
manufacture. 

Fluid jets are potentially more advantageous than 
spray nozzles because they are directional. However, it 
has been found that fluid jets fail to overcome the prob- 
lem of entrainment of fluids within the interior of a 
through-hole and temperature drop. Attempts have 
been made to overcome the problems described above 
by use of specific arrays of fluid jets such as illustrated 
in U.S. Patent No. 5,289,639 incorporated herein by ref- 
erence, but these methods have to a large extent been 
unsuccessful and substantially increase the cost of 
printed wiring board production and equipment. 

The problems described above have been exacer- 
bated by the industry movement to printed wiring 
boards with higher aspect ratios. The aspect ratio of a 
through-hole is the ratio of the thickness of a board to 
the diameter of the through-hole. As the aspect ratio 
increases, the ratio of the length of the hole to its diam- 
eter increases. The longer the hole and the smaller its 
diameter, the more difficult it will be for a treatment fluid 
to penetrate the entire length of the hole and the more 
readily the hole will entrain treatment fluid within its inte- 
rior as it passes through the full sequence of treatment 
stations. 

An alternative to spray nozzles and jet nozzles is 
disclosed in US. Patent No. 4,789,405, incorporated 
herein by reference. In accordance with the procedures 
set forth in this patent, a printed circuit board substrate 
is passed over a surge line which is formed by a nozzle 
arrangement under a transporting path normal to the 
transporting direction of the board. A fluid treatment 
solution is applied to the lower surface of the circuit 
board substrate from a nozzle in the form of a standing 
wave. The nozzle can be formed as a plain perforation 
member provided with slots or holes arranged symmet- 
rically or asymmetrically. The standing wave of the treat- 
ment fluid is said to have the capability of penetrating 
small diameter through-holes but in practice has not 
solved the problems described above. Moreover, the 
nozzle design needed to form the standing wave 
requires a nozzle having a large surface area parallel to 
the planar substrate. The combination of a nozzle of this 
design and the means required to convey the substrates 
over the nozzle consumes considerable space. A desire 
within the industry is to reduce the space required for a 
plating line. 

Summary of the Invention 

The invention described herein is a device for mass 
transport of fluids to a surface. The device is especially 
useful for treating apertures passing through the full 
thickness of a planar substrate with a fluid treatment 
solution. An example of the use of the device is for the 
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treatment of through holes in a dielectric substrate in the 
manufacture of printed circuit boards. In such manufac- 
ture, through-holes in the printed circuit board substrate 
are contacted with all of the treatment fluids required to 
metallize the holes inclusive of the pre-treatment solu- 5 
tions, the water rinses and the metal plating solutions 
which may be electroless plating solutions or direct 
electrolytic plating solutions as described above. 

The device of the invention provides an elongated, 
pressurized fluid wedge that is in contact with and trans- 10 
verses the full width of the planar substrate as it is con- 
veyed through a fluid treatment chamber. In accordance 
with the invention, as a planar substrate having aper- 
tures there-through is conveyed across the fluid wedge, 
fluid is forced through the apertures as the substrate 15 
transverses the fluid wedge and the aperture come into 
contact with the wedge. Because the apertures are of 
relatively small diameter and the fluid wedge is pressu- 
rized, fluid is passed through the aperture as essentially 
a fluid laminar column at a relatively high velocity. Con- 20 
sequently, fluid contacts essentially all surfaces of the 
aperture as they pass through the fluid wedge and the 
high velocity of the fluid cleans the aperture of all resi- 
dues and debris such as drilling residues while provid- 
ing sufficient contact time with the hole walls to 2s 
effectuate the desired chemistry. 

The fluid wedge used to treat apertures in a sub- 
strate in accordance with the invention is provided by a 
roller assembly in contact with a planar substrate pass- 
ing through a treatment chamber. The roller assembly 30 
may be positioned above, below or preferably, both 
above and below the planar substrate as it passes 
through the treatment chamber. The roller assembly 
comprises a roller contained within a protective shroud 
having a narrow outlet or gap between it and the shroud 35 
over a major portion of its length. The shroud is pro- 
vided with a fluid inlet to permit pressurized treatment 
fluid to enter the shroud. The roller is rotated within its 
shroud to assist in conveying the substrate through the 
treatment chamber under pressure while holding the 40 
substrate in a fixed position during contact with treat- 
ment solution to thereby avoid distortion of the substrate 
during treatment. As the shroud fills with fluid, the fluid 
is propelled by the roller as it rotates towards and 
through the outlet between the roller and the shroud. 45 
Because the roller assembly is positioned in contact 
with the substrate as it passes through the treatment 
chamber and where the outlet in the assembly is 
directed toward the substrate, fluid passing from the 
outlet as it contacts the substrate is confined within a so 
narrow opening defined by the substrate and the roller 
portion of the roller assembly thus forming a pressu- 
rized fluid wedge available for treatment of the aper- 
tures as described above. 

Based upon the above, the roller assembly pro- 55 
vides the multiple functions of forming a fluid wedge of 
treatment fluid while simultaneously assisting in convey- 
ance of the planar substrate through the treatment 
chamber and preventing distortion of the planar sub- 



strate as it comes into contact with the pressurized fluid 
wedge. Thus, the need for separate space consuming 
nozzles is avoided, aeration is avoided and temperature 
drop is avoided. 

Description of the Drawings 

Figure 1 of the drawings is a segment of a printed 
circuit board having apertures passing through the 
board; 

Figure 2 is a cross section of the board of Figure 1 
taken along section line 2-2; 
Figure 3 is a treatment chamber illustrating the use 
and position of the roller assembly that is the sub- 
ject of the invention; 

Figure 4 is an enlargement in cross section of the 
roller assembly illustrated in Figure 3 within the 
region A-B-C-D; 

Figure 5 illustrates a substrate in contact with a 
segment of the roller assembly and is an enlarge- 
ment of a section of Figure 4; 
Figure 6 shows a plenum that may be inserted into 
the roller assembly of the invention; and 
Figures 7 through 1 1 illustrate rollers having differ- 
ing configurations that may be used in the roller 
assembly of the invention. 

Description of the Preferred Embodiments 

The roller assembly of the subject invention is used 
to treat the apertures within a planar substrate with a 
treatment fluid. The invention is especially useful for the 
manufacture of printed circuit boards and for this rea- 
son, the description that follows will be limited to printed 
circuit board manufacture though it should be under- 
stood that the invention is not to be limited thereto. 

The term "fluid" as used herein may mean any fluid 
used to treat apertures within a planar substrate and the 
term as used contemplates fluids that are gaseous or 
liquid. Gaseous fluids that may be used in accordance 
with the invention include air under positive pressure as 
would be used in a drying operation or under negative 
pressure as would be required to suction fluids from a 
surface, and treatment gases such as silanes as would 
be used in a silanizing process. The fluids in liquid form 
include those used for the manufacture of printed circuit 
boards such as treatment solutions for altering the walls 
of through holes as described elsewhere herein as well 
as fluids used for the treatment of planar substrates 
such as etchants, developers, cleaners, oxidizing chem- 
icals, protective coatings, etc. In the description that fol- 
lows, liquid treatment solutions used for the fabrication 
of printed circuit boards will be discussed for purposes 
of exemplification. 

Planar substrates used in the manufacture of 
printed circuit boards may be unclad dielectric, dielectric 
having copper cladding on one or both of its surfaces, 
and multilayer structures having sequential layers of 
dielectric material and copper innerlayers. In order to 
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provide conductivity from one side of a printed circuit 
board to the other side of the board, or through an array 
of sequential circuit layers, holes or apertures are drilled . 
or punched through the board and the walls of the holes 
metallized to provide the necessary conductive path- 5 
ways. 

Figure 1 of the drawings illustrates the top view of a 
segment of a printed circuit board substrate 10 having 
apertures or through-holes 1 1 drilled therethrough. Fig- 
ure 2 of the drawings is a cross-section of the segment 10 
of the board of Figure 1 taken along section line A-A. As 
illustrated, the printed circuit board 10 having apertures 
therein 1 1 comprises a dielectric layer 12 having copper 
cladding 13 on both of its surfaces. 

The printed circuit boards processed in accordance is 
with the invention may be treated with any one of a 
number of treatment fluids including organic solvents, 
oxidants, neutralizes for the oxidants, cleaners and 
conditioners, etchants, plating solutions, rinse waters 
and the like. Treatment fluids used in printed circuit 20 
board manufacture are well-known in the art and dis- 
closed in numerous publications including Clark, Hand- 
book of Printed Circuit M anufacturing. Van Nostrand 
Reinhold Company, New Mark, 1985 incorporated 
herein by reference. In addition to conventional treat- 25 
ment solutions, the roller assembly of the subject inven- 
tion can also be used with newly developed treatment 
fluids such as the carbon black and graphite dispersions 
disclosed in U.S. Patent No. 5,389,270 referenced 
above. 30 

In accordance with the invention, a printed circuit 
board substrate is treated in a conveyorized process 
where the substrates are placed on a conveyor and 
transported from one treatment chamber to the next, 
desirably in a horizontal plane though the roller assem- 35 
biy of the invention may be used for vertical processing 
as well. In general, a printed circuit substrate is con- 
veyed by roller pairs having nips formed therebetween 
which engage the printed circuit substrate and convey it 
through a series of treatment stations. Conveyerized 40 
systems of the type contemplated are known and may 
be driven by means of a drive mechanism such as that 
described in U.S. Patents Nos. 4,015,706 and 
4,999,079, each incorporated herein by reference. 

A typical treatment chamber is illustrated in Figure 45 
3 of the drawings. As shown, the treatment chamber is 
designed for horizontal processing and is a closed 
chamber. However, it should be understood that the 
chamber used may be either an open or dosed cham- 
ber and the design of the chamber does not constitute a so 
part of the invention. With specific reference to Figure 3 
of the drawings, the chamber 20 is provided with a top 
wall 21, left and right end walls 22 and 23, respectively, 
a pair of opposed side walls such as 24, spaced apart 
transversely of the apparatus and a bottom wall 25 hav- 55 
ing a liquid discharge line 26 for removal of liquid from 
the chamber. The fluid discharge line 26 is provided with 
valve 27 to enable recirculation of the treatment fluid 
when the valve is closed or removal of the treatment 



fluid for discharge or regeneration when the valve is 
open. The treatment chamber is desirably filled with 
treatment fluid preferably to a level slightly below the 
plane formed by the circuit boards passing through the 
treatment chamber. 

As aforesaid, the fluid treatment solution within 
chamber 21 may be introduced into chamber 21 from a 
source remote from the chamber or may be recirculated 
within the chamber. If from a remote source, the fluid 
enters chamber 21 through entry line 28 with valve 27 in 
the open position. If recirculated, the fluid would enter 
feed line 30 through valve 31 with valve 31 in the open 
position and valve 29 in the closed position. Either way, 
the treatment fluid is supplied to roller assembly 32 for 
formation of the fluid wedge used for the treatment of 
apertures in accordance with the invention. 

With further reference to Figure 3 of the drawings, 
planar substrates such as printed circuit board sub- 
strates 10 enter chamber 21 through entry port 32, are 
conveyed within the chamber by a drive mechanism 
comprising, for example, several opposed pairs of roll- 
ers 33 and 34 and exit the treatment chamber through 
exit port 35. In such an embodiment, the rollers provide 
a driving function to the planar substrates 10 as they 
proceed in their predetermined path through the treat- 
ment chamber. It should be noted that the use of rollers 
is not essential for the present invention as any form of 
conveying mechanism is suitable provided the mecha- 
nism adequately engages the printed circuit board sub- 
strates 10 as they pass over roller assembly 32 and the 
fluid wedge formed thereby. . 

The roller assembly 32 of the invention is illustrated 
in greater detail in Figures 4 and 5 of the drawings. Fig- 
ure 4 is an enlargement of region A-B-C-D of Figure 3. 
In Figure 4, there is represented a planar substrate 1 0 in 
contact with and passing over roller 36. Roller 36 is 
encased within shroud 37 except for a minor portion of 
its circumference which protrudes from the shroud to 
permit contact of the roller with the planar substrate. 
Preferably, the roller protrudes from the shroud by a dis- 
tance (as measured from the portion of the planar sub- 
strate in contact with the roller to the lip of the shroud) 
not exceeding 50 percent of the roller diameter, more 
preferably, by a distance equal to about 0.1 to 25 per- 
cent of its diameter and most preferably, by a distance 
equal to 0.2 and 2 percent of its diameter. The distance 
the roiller protrudes from the shroud is beeter illustrated 
in figure 5 of the drawings as space d - the space 
between the bottom surface of planar substrate 10 and 
the lip 40 of shroud 37. 

The diameter of the roller may vary within broad 
limits such as from 1 to 12 inches and typically rollers . 
used in the industry have a diameter of from about 1.5 
to 4 inches.. Treatment fluid 38 is flowed into shroud 37 
using conventional delivery means (not shown) and fills 
the space between roller 36 and the inner wall of shroud 
37. The delivery means may be through an inlet cen- 
tered on the lower portion of the shroud or through mul- 
tiple inlets spaced along the length of the lower portion 
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of the shroud. As roller 36 is rotated on its axis in the 
direction of movement of the substrates, it provides the 
dual functions of conveying substrates 10 through the 
treatment chamber while simultaneously carrying treat- 
ment fluid 38 with it in the direction of rotation. The 5 
speed of rotation is not critical and is somewhat 
dependent upon the diameter of the roller. For a typical 
roller having a diameter between 1 .5 and 4 inches, rota- 
tional speed may vary between about 10 and 100 revo- 
lutions per minute. Treatment fluid 38 exits the roller 10 
assembly 32 through gap or discharge port 39 between 
roller 37 and the top lip 40 of shroud 37. Roller 36 is 
desirably in contact with the bottom surface of substrate 
10 and upper lip 40 of shroud 37 is in close proximity to 
substrate 10 if the substrate has aperatures passing 15 
therethrough, whereby the top surface of roller 36 pro- 
trudes slightly above the shroud. Preferably, the roller 
protrudes above the top lip 40 of the shroud by a dis- 
tance of no more than 0.50" and more preferably, no 
more than 0.25" thus creating a space between the top 20 
lip of the shroud and the bottom of the substrate 10. 
Treatment fluid 38 passing through gap 39 is entrapped 
within the confined space defined by the bottom surface 
of substrate 10, roller 36 and upper lip 40 of shroud 37, 
and thereby has imparted to it a positive pressure head. 2 s 
This entrapped pressurized treatment fluid is defined 
herein as the fluid wedge which is pressed against the 
bottom surface of substrate 10. As substrate 10 passes 
along its path through the treatment chamber and aper- 
tures 1 1 within substrate 10 pass over the fluid wedge, 30 
the treatment fluid 38, under positive pressure, is forced 
through the apertures as a liquid laminar column at a 
reasonably high velocity thereby intimately contacting 
all surfaces of the wails of the aperture and removing 
debris and residues therefrom. Gap 39 is desirably at 35 
least as long as the width of circuit substrate 10. There- 
fore, the fluid wedge transverses the full width of the 
substrate and all apertures across the width of the sub- 
strate are treated as they pass over the fluid wedge. 

With further reference to Figure 4, it can be seen 40 
that a plenum 41 is desirably displaced across the inte- 
rior cross-section of the shroud to constrict the fluid of 
flow through the shroud. This plenum is better illustrated 
in Figure 6 which depicts the plenum in enlarged iso- 
metric view. The plenum consists of a flat plate 42 hav- 45 
ing a plurality of openings represented as holes 43 
passing through the full thickness of the plenum. The 
openings may be of any configuration such as slits, 
elipses, etc. The constriction placed within the shroud 
serves to increase directionally the velocity of the treat- so 
ment fluid as it is carried by the roller through gap 39 to 
form the fluid wedge. . 

The treatment apparatus illustrated in Figures 3 
through 5 of the drawings demonstrates the use of a 
single roller assembly in accordance with the invention 55 
used in a horizontal treatment mode. It should be under- 
stood that roller assembly 32 illustrated in Figure 3 can 
be placed on both the upper and lower surfaces of the 
substrate in which case greater dimensional stability will 



be afforded the substrates as they pass over and under 
fluid wedges. Moreover, multiple roller asserrfclies per- 
mit more efficient treatment of the through-holes. If used 
on both sides of a substrate, the roller assemblies are 
desirably vertically displaced from each other so that 
the fluid passing through an aperture from one side of 
the substrate will not interfere with fluid passing through 
the aperture from the other side of the substrate. The 
rollers are desirably offset from each other by at least 
one inch - i.e., the center of rotation of. one roller is dis- 
placed from the center of rotation of another roller on a 
vertical axis by at least one inch. 

The roller assemblies of the invention may also be 
used in other than for horizontal processing. Thus, the 
substrates may be conveyed vertically or at any other 
desired angle. The fluid wedge will form regardless of 
the angle of conveyance due to the confined area in 
which the fluid is projected and in which the fluid wedge 
is contained. 

Desirably, the opposed rollers used both to convey 
the planar substrates through the treatment chamber 
and used as part of the roller assembly to form the fluid 
wedge have surfaces that are resilient such that the roll- 
ers will be in a pressed together engagement with each 
other when no substrate is passing between the rollers. 
When a substrate such as substrate 1 0 passes between 
the rollers, the surface of the rollers desirably resilientiy 
deflect, or deform sufficiently to accommodate the thick- 
ness of the substrate passing therebetween. This may 
be accomplished by using rollers of an elastomeric or 
felt like surface, as desired, selected to be compatible 
with the conditions imposed by the treatment fluid. Alter- 
natively, the rollers may be non-resilient but spring 
loaded thereby permitting engagement between the 
planar substrate and the rollers. Thus, opposed rollers 
of any given pair are somewhat squeezed together in 
their normal mounting operation, and when an article 
passes through the nip formed between such rollers, 
they will in turn squeeze the article and thereby wipe 
substantial amounts of the treatment fluid from the sur- 
faces thereof. 

Though the roller portion of the roller assembly may 
have a smooth surface, it may also have an irregular 
surface designed to increase the volume of treatment 
solution carried through the gap between the roller and 
the shroud. For example, the roller can have vertical 
grooves as exemplified in Figure 7, horizontal grooving 
as exemplified in Figure 8, knurled grooving as exempli- 
fied in Figure 9 or lengthwise indentations as exempli- 
fied in Figure 10. Anyone of these configurations will 
increase the volume of the treatment fluid carried 
through the gap and thereby increase the positive pres- 
sure of the fluid constituting the fluid wedge. In addition, 
the roller may be designed so as to transport the fluid 
from the feed line directly into the shroud. This embodi- 
ment of the invention is illustrated in Figure 1 1 of the 
drawings where roller 50 has channel 51 turning along 
its length. The channel is in open communication with a 
series of openings such as holes 52 or slits 53. Fluid is 
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passed through the hollow channel 51 and enters the 
shroud through the openings passing through the roller. 

The invention may be better understood by refer- 
ence to the following example which illustrates the use 
of the roller assembly of the invention for formation of a 
graphite coating on the walls of through holes passing 
through a copper clad circuit board base material. 

A circuit board substrate suitable for purposes of 
this example would be a 1 ounce copper clad FR-4 
epoxy board measuring 12 inches by 18 inches pro- 
vided with an array of drilled holes of varying diameter 
ranging between 10 and 30 mils. The board would have 
been prepared by having its holes cleaned and condi- 
tioned by immersion for about 5 minutes in a cleaner 
conditioner such as that disclosed in Example 3 of Inter- 
national Publication No. WO/94/26958 referenced 
above at a temperature of about 135 degrees F. 

A graphite treatment solution would be provided 
that would be about 5% by weight graphite particles 
having a mean particle size of about 1 micron. The 
graphite particles would be dispersed in aqueous 
medium using a suitable suspending agent such as car- 
boxymethylcellulose and an anionic surfactant. A suita- 
ble graphite dispersion would be available from 
Electrochemical Corporation under the tradename 
Shadow. 

The above described graphite dispersion would be 
made up in a polyethylene 200 gallon holding tank fitted 
with a centrifugal pump capable of circulating the graph- 
ite dispersion at a flow rate of about 10 gallons per 
minute. A horizontal track would be placed above the 
tank. The track would be equipped with a plurality of 
opposed feed roller pairs having a diameter of 1.75 
inches and coated with polybutadiene. Sufficient roller 
pairs would be provided to pass the copper clad circuit 
boards across the top of the treatment tank. The roller 
pairs would be arranged such that the copper clad cir- 
cuit board substrates would pass about 5 inches above 
the surface of the tank containing the graphite disper- 
sion. One of the rollers of the opposing roller pairs 
would be replaced by the roller assembly of this inven- 
tion. Thus, the roller within the roller assembly would 
have a diameter of 1 .75 inches and be encased within a 
shroud having a diameter of 4 inches. The roller and 
shroud combination would be 4 feet in length and trans- 
verse the holding tank in a direction perpendicular to the 
direction of passage of the circuit board substrates 
through the tank. The roller within the roller assembly 
would protrude above the top of the shroud by a dis- 
tance of about 0.035 inches thus defining the distance 
between the fluid discharge point of the roller assembly 
and the lower surface of the circuit board substrate. The 
shroud which functions as a fluid medium manifold 
would be provided with a 0.5 inch entry port midway 
along its length which would be connected to the circu- 
lating pump of the holding tank for the graphite disper- 
sion. 

In use, the rollers would rotate at a speed of 15 
RPM. The circulating pump would be turned on and 



fluid would pass from the holding tank into the shroud at 
a rate of 5 gallons per minute. Rotation of the roller 
within the shroud would force graphite dispersion 
against the underside of the circuit board substrate. 
5 Immediately as apertures within a circuit board sub- 
strate passes to the roller, the graphite dispersion is 
forced through the aperture as a liquid column - i.e., 
laminar flow, leaving a graphite coating on the hole wall 
surfaces. 

10 Following formation of the coating of graphite, the 
circuit board is passed to an oven for drying of the 
graphite coating. 

Claims 

15 

1. An apparatus for treatment of a planar substrate 
with a treatment fluid, said apparatus comprising a 
fluid treatment chamber, means for conveying pla- 
nar substrates through said fluid treatment cham- 

20 ber, and at least one roller assembly within said 
treatment chamber, said roller assembly compris- 
ing a roller within a shroud filled with treatment fluid 
and means for rotating said roller, said roller having 
a major portion of its circumference within said 

25 shroud and a minor portion of its circumference pro- 
truding above the shroud positioned to enable con- 
tact of the roller with planar substrates as they pass 
through the treatment chamber, said roller being 
positioned within said shroud so as to define an 

30 elongated gap between the roller and the shroud 
- along amajor portion of the length of the shroud to 
enable treatment fluid to be discharged from the 
roller assembly through said gap into contact with a 
planar substrate when the roller is rotated within the 

35 shroud and the substrate is contacted with the 
roller. 

2. The apparatus of claim 1 where the planar sub- 
strate, the roller protruding from the shroud and the 

40 top surface of the shroud define a confined spaced 
into which treatment fluid is discharged and 
entrapped under pressure. 

3. The apparatus of claim 1 where the roller protrudes 
45 from the shroud by a distance not exceeding 50 

percent of the diameter of the roller. 

4. The apparatus of claim 3 where the distance is 
equal to between 0.2 and 2.0 percent of the diame- 

so ter of the roller. 

5. - The apparatus of claim 3 where the distance does 

not exceed 0.25 inches. 

55 6. The apparatus of claim 1 where the diameter of the 
roller varies between 1 and 12 inches. 

7. The apparatus of claim 6 where the diameter varies 
between 1 .5 and 4 inches. 
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8. The apparatus of claim 1 where the treatment fluid 
is aqueous. 

9. The apparatus of claim 8 where the treatment solu- 
tion is a graphite dispersion. 

10. The apparatus of claim 1 where the planar sub- 
strate is a circuit board base material having aper- 
tures passing therethrough. 

1 1 . The apparatus of claim 1 where the roller assembly 
is placed above an open treatment tank. 

12. The apparatus of claim 1 where the roller assembly 
is placed within a closed treatment tank 

13. The apparatus of claim 1 where the surface of the 
roller has depressions to carry an increased volume 
of fluid through the discharge gap defined by the 
roller and the shroud. 

14. The apparatus of claim 1 where the surface of the 
roller has grooves. 

15. A method for treating a planar substrate with a 
treatment fluid, said method comprising the steps 

of: 

a. passing a planar substrate to a treatment 
chamber; 

b. contacting at least one surface of the planar 
substrate within said treatment chamber with a 
roller assembly comprising a roller within a 
shroud filled with treatment fluid and means for 
rotating said roller, said roller having a major 
portion of its circumference within said shroud 
and a minor portion of its circumference pro- 
truding above the shroud positioned to enable 
contact of the roller with said planar substrate 
as it passes through the treatment chamber, 
said roller being positioned within said shroud 
so as to define an elongatged gap between the 
roller and the shroud along a major portion of 
the length of the shroud to enable treatment 
fluid to be discharged from the roller assembly 
through said gap into contact with a planar sub- 
strate; and 

c. passing a fluid treatment solution into said 
shroud; and 

d. rotating said roller to simultaneously move 
said planar substrate through the treatment 

- chamber- and to pass treatment fluid under 
pressure into a space defined by the roller, the 
planar substrate and the top surface of the 
shroud to thereby form a fluid wedge. 

1 6. The process of claim 1 5 where the planar substrate 
has apertures passing therethrough. 



1 7. The process of claim 16 where the treatment fluid is 
projected into the apertures within the planar sub- 
strate as the apertures pass over the fluid wedge. 

5 18. The process of claim 15 where the roller protrudes 
from the shroud by a distance not exceeding 5 per- 
cent of the diameter of the roller. 

1 9. The process of claim 1 8 where the distance is equal 
10 to between 0, 1 and 1 .0 percent of the diameter of 

the roller. 

20. The process of claim 18 where the distance does 
not exceed 0.25 inches. 

75 

21. The process of claim 15 where the diameter of the 
roller varies between 1 and 12 inches. 

22. The process of claim 21 where the diameter varies 
20 between 1 .5 and 4 inches. 

23. The process of claim 15 where the treatment fluid is 
aqueous. 

25 24. The process of claim 22 where the treatment solu- 
tion is a graphite dispersion. 

25. The process of claim 1 5 where the treatment fluid is 
gaseous. 

30 

26. The process of claim 25 where the treatment fluid is 



27. The process of claim 1 5 where the planar substrate 
35 is a circuit board base material having apertures 

passing therethrough. 

28. The process of claim 15 where the roller assembly 
is placed above an open treatment tank. 

40 

29. The process of claim 15 where the surface of the 
roller has depressions to carry an increased volume 
of fluid through the discharge gap defined by the 
roller and the shroud. 

45 

30. A roller assembly to transport fluid into contact with 
a planar substrate while simultaneously conveying 
said substrate along a path, said roller assembly 
comprising a roller within a shroud filled with treat- 

50 ment fluid and means for rotating said roller, said 
roller having a major portion of its circumference 
within said shroud and a minor portion of its circum- 
ference protruding above the shroud positioned to 
enable contact of the roller with planar substrates 

55 as they pass through the treatment chamber, said 
. roller being positioned within said shroud so as to 
define an elongated gap between the roller and the 
shroud along a major portion of the length of the 
shroud to enable treatment fluid to be discharged 
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from the roller assembly through said gap into con- 
tact with a planar substrate when the roller is 
rotated within the shroud and the substrate is con- 
tacted with the roller 

5 

31. The assembly of claim 30 where the planar sub- 
strate, the roller protruding from the shroud and the 
top surface of the shroud define a confined spaced 
into which treatment fluid is discharged and 
entrapped under pressure. w 

32. The assembly of claim 30 where the roller pro- 
trudes from the shroud by a distance not exceeding 
5 percent of the diameter of the roller. 

15 

33. The assembly of claim 32 where the distance is 
equal to between 0. 1 and 1 .0 percent of the diame- 
ter of the roller. 

34. The assembly of claim 30 where the diameter of the 20 
roller varies between 1 and 12 inches. 

35. The assembly of claim 34 where the diameter var- 
ies between 1 .5 and 4 inches. 

\ 25 

36. The assembly of claim 30 where the surface of the 
roller has depressions to carry an increased volume 
of fluid through the discharge gap defined by the 
roller and the shroud. 

30 

37. The assembly of claim 36 where the surface of the 
roller has circumferential grooves. 

38. The assembly of claim 36 where the surface of the 
roller has horizontal grooves. 35 
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